I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Coronary heart disease (CHD) is one of the most prevailing causes of morbidity and mortality in the developed countries. There are several modifiable risk factors, including high blood cholesterol, smoking, hypertension, diabetes, unhealthy diet, physical inactivity, obesity and psychosocial factors which play a crucial role in development and progression of cardiovascular disease. High blood cholesterol has been considered as one of the most important modifiable risk factor associated with CHD.\[[@ref1]\] In 1984, the Lipid Research Clinics Coronary Primary Prevention Trial provided definitive evidence of CHD risk reduction with lowering of high blood cholesterol.\[[@ref2]\]

Cholesterol, an integral component of cell membranes and a precursor for bile acids and steroid hormones, travels in the blood with the help of proteins called lipoproteins. There are three major classes of lipoproteins: Low density lipoprotein (LDL), high density lipoprotein (HDL), and very low-density lipoprotein (VLDL), which typically constitutes 60-70%, 20-30%, and l0-15% of the total cholesterol, respectively. As LDL-C binds to maximal concentration of cholesterol, it can be considered as a mirror image of total cholesterol concentration in blood. Hence LDL-C has been considered as the primary target of cholesterol lowering efforts. It has been observed that statins, the cholesterol-lowering drugs, dramatically reduce heart attacks, CHD deaths, and overall mortality rates with lowering of LDL-C.\[[@ref3]\]

The present review strives to throw light on salient features of NCEP-ATP guidelines that had evolved with continual advances in clinical research and cholesterol management guidelines.

Search strategy used {#sec2-1}
--------------------

We identified electronic databases, mainly MEDLINE, HighWire, Cochrane and Google Scholar for searching articles from 1980 through February, 2012 by using keywords "Cholesterol Management Guidelines,", "National Cholesterol Education Program", "Adult Treatment Panel". In MEDLINE, we have used "(cholesterol) AND (Adult treatment panel) AND (Guidelines)" as the Medical Subject Heading (MeSH) terms.
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In 1985, the National Heart, Lung, and Blood Institute of the National Institute of Health constituted NCEP with an objective to educate general public and medical community about the need to identify and treat high blood cholesterol in reducing CHD risk.\[[@ref4]\] Therefore, the adult treatment panel (ATP), a panel represented by experts from major medical and health professional associations, voluntary health organizations, community programs, and governmental agencies was constituted. The aim of this panel was to develop guidelines for detection, evaluation, and treatment of high blood cholesterol in adults. The ATP guidelines are currently the most accepted reference guideline for clinical management of high blood cholesterol. With continual clinical advances in the science of cholesterol management, these guidelines are periodically updated. The first ATP guideline i.e., ATP-I was published in the year 1988 which outlined a strategy for primary prevention of CHD in individuals with high LDL-C (\>160 mg/dL) or with borderline-high LDL-C (130-159 mg/dL) including more than two risk factors.\[[@ref5][@ref6]\] In 1993, ATP-II, the second ATP guideline, supported the approach of ATP-I and added a new feature of intensive management of LDL-C in patients with established CHD (secondary prevention) and fixed a new, lower LDL-C goal of \<100 mg/dL in CHD patients.\[[@ref7][@ref8]\] Six years later, in 2001, the third ATP guideline, ATP-III\[[@ref6][@ref9]\] was developed on the foundation of previous ATP guidelines and represented an update of recommendations for clinical management of high blood cholesterol and related abnormalities and at the same time maintaining continuity with ATP-I and ATP-II guidelines. The prominent features of ATP-III included consideration of LDL-C \<100 mg/dL as optimal level, introduction of Framingham risk score (10-year CHD risk) to calculate treatment intensity and life-habit modification program termed "therapeutic lifestyle modification" (TLC). Other important secondary targets in ATP-III guidelines were non-HDL-C in patients with a triglycerides (TG) values ≥200 mg/dL and metabolic syndrome. Since ATP-III, five major clinical trials involving statin have been published. The updated ATP-III was based on reviews of these five clinical trials and was released in 2004.\[[@ref10][@ref11]\] These trials brought into light several startling facts that critically influenced cardiovascular treatment and addressed important issues that were not taken care of by ATP-III. The most noticeable change in updated ATP III guideline was the LDL-C goal of \<70 mg/dL which was considered as a reasonable clinical strategy for patients at extremely high risk. This gradual evolution of NCEP guidelines in the form of ATP guidelines (ATP-I till ATP-III) has posed a tremendous impact on cholesterol management with regard to the lives of cardiac patients.\[[@ref12]\] A new updated ATP guideline, ATP-IV is expected sometimes in July/August 2012 and most likely would have its recommendations in the light of sound clinical evidences till date. Previous treat-to-target paradigm in ATP-III which was LDL target based approach might be replaced with new more evidence based tailored treatment in ATP-IV guideline \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref13]\]
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Adult treatment panel-I {#sec2-2}
-----------------------

Adult Treatment Panel-I was a high cholesterol management guideline in adults aged more than 20 years. It greatly helped in identifying patients who required lipoprotein analysis for cholesterol lowering therapy and helped in evaluating them with respect to other CHD risk factors. It also emphasized on primary prevention of CHD and recommended an LDL-C goal of 130 mg/dL. Patients with CHD having either high LDL-C (\>160 mg/dL and above) or borderline-high (130-150 mg/dL) levels and multiple risk factors were considered for primary prevention.\[[@ref5][@ref6]\] ATP-I guideline stressed on the dietary therapy, specified LDL-C levels at which dietary therapy must be initiated and the nature of dietary changes. In addition, recommended drug therapy if LDL-C level was above their specified level even after 6 months of intensive dietary therapy. Based on the level of cholesterol in blood, three categories were formulated: (1) Desirable level-cholesterol \<200 mg/dL; (2) Borderline-high level-cholesterol at 200-239 mg/dL; and (3) High level-cholesterol \>240 mg/dL.

Adult treatment panel-II {#sec2-3}
------------------------

Adult treatment panel-II was based on observational epidemiological review, lipoprotein metabolism, animal studies, and early clinical trials.\[[@ref7][@ref8]\] Pooling of data from early clinical trials revealed a definite trend towards reduced total mortality in patients with CHD but no clinical trial or meta-analysis showed reduction in total mortality in the primary prevention patients.\[[@ref14]\] ATP-II recommended a cautious use of lipid lowering agents in primary prevention of CHD since benefits from pharmacological treatment of lower risk patients would diminish by increased relative risks and cost of the therapy. Further, at nascent stages of ATP-II publication several studies pertaining to safety of statins yield an inconclusive data. Hence this guideline preferred nicotinic acid and bile acid sequestrates over statins in several conditions.\[[@ref7][@ref8]\] According to ATP-II guideline, CHD risk status of the patient was used as a guide to the intensity of therapy and categorized patients into one of the 3 groups based on known atherosclerotic disease, multiple CHD risk factors and isolated hypercholesterolemia without other risk factors. For primary prevention, the target LDL-C were \<160 mg/dL with \<2 CHD risk factors; target LDL-C \<130 mg/dL with ≥2 risk factors; and LDL-C \<100 mg/dL was considered for secondary prevention of patients.\[[@ref15]\] Various studies have considered HDL-C as an important and independent contributor to CHD risk.\[[@ref4][@ref16][@ref17]\] ATP-II guideline considered HDL-C levels in therapeutic decision making and was added in initial patient screening along with total cholesterol level. HDL-C \<35 mg/dL was recognized as a major risk factor and HDL-C \>60 mg/dL was considered as a protector of CHD risk. ATP-II stressed on delaying the use of hypolipidaemic agents in young adults and preferred cholesterol lowering diets and exercise mostly in males aged \<35 years, including premenopausal women. It also indicated hypolipidaemic agents for patients with LDL-C \>220 mg/dL or with multiple CHD risk factors but in very young patients it usually preferred resins.\[[@ref18]\] Even in elderly patients, caution must be taken while using cholesterol lowering medication in primary and secondary CHD prevention cases since risks of adverse effects may outweigh the likelihood of drug benefits. By the time ATP-II guideline was published, no clinical trials evaluated the effects and means of lowering TG in patient with severe hypertriglyceridemia which was once regarded as an additive risk factor for CHD. Therefore, ATP-II did not specify any goal for TG lowering.\[[@ref19]\] In patients with diabetes, ATP-II recommended similar treatment goal to that of the established CHD cases due to high occurrence of CHD events in type 2 diabetics. Hence, ATP-II considered type 2 diabetics without known vascular disease as an additive CHD risk factor in absence of any plausible clinical trial data and recommended treatment with bile acid sequestrates or statins generally in combination with fibric acids in diabetic patients. Later, American Diabetes Association (ADA) clinical practice recommended initiation of hypolipidaemic therapy in all patients with type 2 diabetes and LDL-C \>130 mg/dL. In addition, also fixed LDL-C goal of \<100 mg/dL for secondary CHD prevention.\[[@ref20]\]

Adult treatment panel-III {#sec2-4}
-------------------------

The adult treatment panel-III, comparatively a recent ATP guideline was supported by evidence from continuing research and widespread consensus on the benefits of aggressive treatment of high blood cholesterol.\[[@ref6]\] The ATP-III guideline provided evidence based strategies for identifying and reducing CHD risk.\[[@ref21]\] The most distinctive feature of ATP-III that differentiated it from ATP I and ATP II guideline was introduction of the concept of risk and risk assessment as the first step in risk management strategies, considering both long-term (lifetime) and short-term (10-year) risks. According to this guideline, it was important to identify a lifetime risk in people who were relatively at low short-term risk but had a single major-risk factor. This helped to identify apparently healthy individuals even with a single aberrant risk factor. It also emphasized on exhaustive risk lowering strategies (especially drug therapies) in patients with higher short-term risk while exhaustive TLC was considered for patients with higher lifetime risk of cardiovascular diseases (CVD).\[[@ref22]\]

As per ATP-III guideline, the intensity of risk reduction intervention/s must be matched to an individual\'s absolute risk as a fundamental principle to prevention.\[[@ref4]\] Other remarkable insertion in the guideline was an introduction of the concept of CHD risk-equivalents, multiple-risk factors and expansion of the concept of primary prevention which was one of the feature of ATP-I guideline. In comparison to ATP-II, ATP-III guideline added a new intensity to LDL-C lowering in patients with more than two CHD risk factors.

ATP-III guideline involved the following 9 steps: \[[@ref23]\]

Step I: Determination of lipoprotein levels where complete lipoprotein profile was obtained after 9-12hrs fasting.

Step II: Identification of the presence of atherosclerotic disease that heightens the risk for CHD events (CHD risk equivalent) e.g. clinical CHD, symptomatic carotid artery disease, peripheral arterial disease and abdominal aortic aneurysm.

Step III: Determination of the presence of major risk factors, excluding LDL. The major risk factors modifying LDL-C goals included cigarette smoking, blood pressure (≥140/90 mmHg), low HDL-C (\<40 mg/dL), family history of premature CHD and age (men ≥45 years; women ≥55 years). HDL-C ≥60 mg/dL was counted as a "negative" risk factor as its presence was assumed to remove one risk factor from the total count of risk factors.

Step IV: Presence of \>2 risk factors (excluding LDL) without CHD or CHD-risk equivalents necessitated an assessment of short-term (10 year) CHD risk. Based on 10-year risk, 3 risk categories were developed: (1) CHD risk equivalent (10 year risk \>20%); (2) more than 2 risk factors (10 year risk of 10-20%); and (3) 0-1 risk factor (10 year risk \< 10%).

Step V: These 3 risk categories helps to establish LDL-C goal of therapy, determine a need for TLC and the level for drug consideration. [Table 1](#T1){ref-type="table"} summarizes LDL-C goals and cut-points for TLC and drug therapies in different risk categories.
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LDL-c and non-HDL-c goals, and cut points for TLC in different risk categories in adult treatment panel-III guideline

![](IJEM-17-628-g002)

Step VI: TLC must be initiated if LDL was above the goal level \[[Table 1](#T1){ref-type="table"}\]. TLC includes diet management (saturated fat \<7% of calories, cholesterol \<200 mg/day, increased use of viscous \[soluble\] fiber \[10-25 g/day\] and plant stanols/sterols \[2 g/day\] for enhancing LDL reduction), weight management and increased physical activity.

Step VII: Drug therapy must be initiated if the level of LDL exceeds extremely above the target goal \[[Table 1](#T1){ref-type="table"}\]. For CHD and CHD equivalents, drug along with TLC was recommended and for other risk categories, addition of drug to TLC after three months was recommended.

Step VIII: Identification of metabolic syndrome, and treat, if present, after three months of TLC. Treatment of metabolic syndrome included (1) treatment of underlying causes (overweight/obesity and physical activity) by intensive weight management and increased physical activity and (2) treatment of lipid/non-lipid risk factors, if persisted despite lifestyle therapies by treatment of hypertension, use of aspirin to reduce prothrombotic state in CHD patients and by treatment of elevated TG and/or low HDL (described in step IX).

Step IX: There are four levels of serum TG: \<150 mg/dL (normal), 150-199 mg/dL (borderline high), 200-499 mg/dL (high) and ≥500 mg/dL (very high). Patients with elevated TG (levels ≥150 mg/dL) were treated to achieve the LDL goal. The treatment included intensification of weight management and increased physical activity. After achieving LDL goal, if the TG level was ≥200 mg/dL, then the secondary goal for non-HDL-C (total cholesterol -- HDL-C) was set 30 mg/dL (fixed increment over LDL goal) higher than the LDL goal. If the level of TGs was 200-499 mg/dL even after achieving LDL goal, addition of drug was required to reach non-HDL goal. The drug may be a LDL-lowering drug which intensifies the therapy or add nicotinic acid/fibrates to further lower down the level of very low-density lipoprotein. If TG ≥500 mg/dL, the first step was to reduce TGs to prevent pancreatitis by (1) the use of very low fat diet (≤15% of calories from fat); (2) weight management and physical activity; and (3) use of fibrate or nicotinic acid. Once TG is below 500 mg/dL, the treatment was switched to LDL-lowering therapy. Patients with low HDL-C (\<40 mg/dL) were first treated to reach the LDL goal followed by intensive weight management and increased physical activity. If these patients had TG as 200-499mg/dL, they were targeted to achieve non-HDL goal and if had TG \<200 mg/dL in CHD/CHD equivalent then nicotinic acid or fibrates were considered.

Revised adult treatment panel-III {#sec2-5}
---------------------------------

Adult treatment panel-III was revised and published in 2004.\[[@ref10][@ref11]\] The revised ATP-III guideline was based on the review of five statin trials conducted since the release of ATP-III.\[[@ref24][@ref25][@ref26][@ref27][@ref28]\] These trials addressed issues that were not adequately addressed in previous statin trials and forecasted important implications for the management of patients with lipid disorders, particularly high-risk patients. Hence, there was a demand to revise treatment thresholds in ATP-III guideline. The revised ATP-III guideline offered options for further intensive cholesterol-lowering treatment for patients at high and moderately-high risk for a heart attack. It also emphasized on TLC which served as the cornerstone of treatment for lowering cholesterol levels. The salient features of revised ATP-III guideline are as follows:

For high-risk patients, LDL-C treatment goal was LDL \<100 mg/dL but an LDL-C goal of \<70 mg/dL was considered a therapeutic option for very high risk patients who had recent heart attacks, cardiovascular disease with diabetes, metabolic syndrome, or severe/poorly controlled risk factors.If LDL-C ≥100 mg/dL in high-risk patients, LDL-C lowering drug along with TLC (formerly indicated for ≥130 mg/dL) was recommended.If LDL-C \<100 mg/dL in high-risk patients, initiation of LDL-C lowering drug to achieve LDL-C \<70 mg/dL was a therapeutic option.For moderately high-risk patients, LDL-C goal remains \<130 mg/dL but LDL-C \<100 mg/dL was considered a therapeutic option when baseline LDL-C or LDL-C after treatment was between 100-129 mg/dL and LDL-C lowering drugs were initiated to achieve LDL-C \<100 mg/dL.Advised that intensity of LDL-C lowering drug treatment in high-and moderately high-risk patients be sufficient to achieve a reduction in LDL-C levels of at least 30-40% beyond TLC.

Adult treatment panel-IV {#sec2-6}
------------------------

Previous ATP guidelines targeted LDL-C as the primary target for treating patients of atherosclerotic vascular diseases, including CHD. However, few reports highlighted LDL to no longer serve as a plausible risk factor for determining patients at cardiovascular risk in comparison to non-HDL-C or total cholesterol/HDL ratio\[[@ref29][@ref30][@ref31][@ref32][@ref33]\] reflecting its reduced use in cardiovascular risk assessment. In 2008, Glasziou *et al*. demonstrated that LDL-based guidelines lead to either under-treatment (by not recommending adequate statin therapy in high cardiovascular risk/low LDL-patients) or over-treatment of patients with CVD (by recommending statin treatment in low cardiovascular risk/high LDL patients).\[[@ref34]\] This may be due to the fact that LDL target levels considered in ATP-III were mostly extrapolated from results of randomized clinical trials that were not directly tested, failing to identify patients who are more likely to be benefited from statin therapy. Hence, LDL target based approaches indirectly promoted treatments that were not safe and resulted in over-treatment of patients with low risk of cardiovascular outcomes. Therefore, it was assumed that markers other than LDL-C like non-HDL-C and Apo B have higher significance in cardiovascular risk management.

Previous clinical trials mostly used fixed doses of drugs instead of titrating its doses to goal strategies. Therefore, it was contended that additional trials must look for evidence in support of LDL-C goals for secondary prevention.\[[@ref35]\]

Cholesterol treatment trialists' (CTT) collaborators recently published the results after meta-analyses of data from 27 trials (*n* = 174,149). They firmly supported primary prevention of LDL with statins. Based on the baseline five-year risk of major vascular events, the participants were grouped into five categories (\<5, ≥5 to \<10, ≥10 to \<20, ≥20 to \<30 and ≥30%) and were treated with either no statin or low-intensity statin. In the lowest two-risk categories (\<5 and ≥5 to \<10%) almost equivalent reduction in major vascular events was observed when compared to high risk categories.\[[@ref36]\] In people with five-year risk \<10%, each 1 mmol/L decrement in LDL-C led to an absolute reduction in major vascular events of about 11 per 1000 over five years. Though statins are known to predispose risk of myopathy/rhabdomyolysis, stroke (ischaemic and haemorrhagic) and diabetes\[[@ref37][@ref38][@ref39]\] but this meta-analyses indicated extremely higher benefits of statin therapy in terms of overall reduction in cardiovascular events than its known hazards.\[[@ref37]\] Thus, this study strongly supported statins to be safe and effective for patients with five-year risk of major vascular events \<10% and also emphasized that the present cardiovascular guidelines should be re-revised. Hence, the new upcoming guideline should evaluate any new medications for its effect on patient outcome before including it in the guidelines since they are the vital part of quality measures. Another recent article "three reasons to abandon LDL targets" was published by Krumholz and Hayward in 2012 where they anticipated the treat-to-target paradigm and supported an approach distinct from target-based approach.\[[@ref13]\] This potentially served as a harbinger of new guidelines wherein treatment targets must be replaced with extensive tailored treatment approach. All these reports strongly suggested that the new guideline (ATP-IV) should consider 1) markers other than LDL; 2) primary prevention of LDL with statins as they are safe and effective in patients with five-year risk of major vascular events \<10%; and 3) the use of treat-to-target approach rather than target-based approach in cardiovascular risk management.

In a recent 72^nd^ American Diabetes Association conference held on 8-12^th^ June 2012 in Philadelphia, USA, it was declared that ATP-IV cardiovascular guideline integrating blood pressure, cholesterol, obesity, lifestyle and risk assessment considerations would be slated for the first draft publication sometimes in July/August 2012. The ATP-IV component of the guideline would address following three critical areas: 1) Evidence supporting LDL-C for secondary prevention; 2) Primary prevention of LDL; and 3) Efficacy and safety of major cholesterol drugs. In addition, would also address following critical questions regarding lifestyle considerations for lipid-lowering: 1) Effects of dietary patterns and/or macronutrient composition on lipids and blood pressure compared with no treatment or other intervention underweight-stable conditions; 2) Dietary effects of sodium and potassium on coronary heart disease/CVD outcomes and risk factors, also under weight-stable conditions; and 3) Effects of physical activity on CVD risk factors, also under weight-stable conditions.

The ATP-IV guideline would be using markers like Apo B, non-HDL-C (non-LDL-C markers) and tailored-treatment approach (personalized or individualized care) in making therapeutic decisions. This tailored-treatment approach was based more directly on clinical trial evidence than treat-to-target paradigm and may potentially translate into better outcomes in terms of patient management, at the same time reduce harm and cost of the therapy incurred by over-treating low-risk/low benefit individuals.\[[@ref40][@ref41]\] In this approach, the intensity of statin therapy was based on an individual\'s overall five to 10-year cardiovascular risk irrespective of LDL level which saved approximately 100,000 more quality-adjusted life years per annum, leading to a lower number of patients on high statin dose/s. Furthermore, it showed unexpected high effectiveness or efficiency than treat-to-target approach that even 10 international lipid experts, who strongly supported an LDL-based approach were not able to provide any scientific rationale to use treat-to-target approach.\[[@ref42]\] Summarizing, the new ATP-IV guideline would preferably use tailored-treatment approach and promise to align its recommendations with strong clinical evidence regarding cardiovascular risk and risk reduction with lipid lowering agents, especially the statins and would also help in minimizing over-and under-treatment and in promoting optimized treatment with statin therapy.

C[ONCLUSION]{.smallcaps} {#sec1-3}
========================

Since inception in 1985, NCEP recognized the value of accurate and precise lipid and lipoprotein testing for effective implementation of its mission to lower death and disability from CVD by reducing the percentage of patients with high blood cholesterol. ATP I to III guidelines recognized LDL-C as the primary target and recognized treating patients to LDL-C targets. But over time, LDL target based approaches indirectly promoted treatments that were not safe and resulted in over-treatment of patients with low risk of cardiovascular outcomes. Various studies supported statins to be safe and effective for patients with five-year risk of major vascular events \<10% and supported novel "tailored-treatment approach distinct from target-based approach. This tailored approach was soundly based on direct clinical trials evidences and proposes treatment based on individual\'s overall five to 10-year cardiovascular risk irrespective of LDL-C level, leading to lower number of people on high dose/s of statins. Hence, markers other than LDL including tailored treatment approach may see horizon of a new emerging guideline in the form of ATP-IV.
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